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We solve the worldsheet theory describing the near-horizon dynamics of a D-string 
in the presence of a very large number N of D5-branes. The model is pre-geometric in 
the sense that the near-horizon worldsheet Lagrangian does not have dynamical fields 
associated with the dimensions transverse to the D5-branes. The solution at large N 
is shown to be given by a classical action for the D-string moving in a curved ten- 
dimensional spacetime. The four dimensions transverse to the D5-branes emerge from 
the quantum loops of the original strongly coupled quantum worldsheet field theory. 
By comparing with the Dirac-Born-Infeld plus Chern-Simons action for a D-string 
in a general type IIB background, we identify the string-frame metric, dilaton and 
Ramond-Ramond three-form field-strength and find a match with the near-horizon 
geometry of a stack of D5-branes. 
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1 Introduction 



The AdS/CFT correspondence [IH3] and its generalizations (see e.g. [HE] for re- 
views and references) offer a framework in which, at least in principle, geometry and 
quantum gravity can be studied from ordinary quantum field gauge theories. In this 
framework, a <i-dimensional field theory is postulated to be dual, in the large N limit, 
to a classical gravitational theory defined on a higher D > d dimensional curved 
spacetime. The D — d additional dimensions are emerging from strongly coupled 
quantum physics in the gauge theory. The study of the emerging geometry from the 
pure field theory point of view is unfortunately rather difficult in general. It requires 
to compute observables in the strong coupling regime of the field theory and to extract 
from them informations about the dual geometry. 

Recently, it was proposed in [B] to focus on the field theory models describing 
the near-horizon worldvolume dynamics of a fixed number of D-branes, called the 
probe branes, in the presence of a very large number N of other D-branes, called the 
background branes. These models are pre-geo metric, because they do not contain 
dynamical fields associated with the dimensions transverse to the background branes. 
According to the AdS/CFT lore, in the large N limit, they should be equivalent to 
classical worldvolume theories describing the motion of the probe D-branes in the 
ten dimensional supergravity solution sourced by the background branes. This non- 
trivial supergravity solution should thus emerge, alongside the transverse dimensions 
of space on which it lives, from the large N solution of the probe branes worldvolume 
model. Much more details on these ideas can be found in [6_H8]. 

The power of this approach is that it is easier to extract some strong coupling 
information from the large N probe brane models than from the large N background 
brane theories [5J: the latter are complicated matrix models, whereas the former are 
vector-like models. It is then possible to explicitly derive the emergence of space from 
a microscopic calculation in the strongly coupled vector-like worldvolume theory. In 
all the examples that have been studied so far [6j[7l[9], the solution at large N can 
be described by a classical action matching the non-abelian D-brane action for the 
probe branes in the correct ten-dimensional curved background. The scalar fields 
associated with the emerging classical dimensions of space are composite variables 
in the original microscopic description whose quantum fluctuations are suppressed in 
the large N limit by the quantum loops of the vector variables. 

The aim of the present work is to apply the above ideas to derive the emergent 
near-horizon geometry of a large number of D5-branes in type IIB string theory by 
studying the corresponding probe D-string worldsheet model. We start in Section [2] 
by presenting in details the relevant D-string microscopic pre-geometric worldsheet 
theory. We solve the model at large N in Section [3] and find that the solution is 
expressed in terms of a classical action which contains the right dynamical fields to 
describe the motion of the D-strings in a ten-dimensional background. In Section HI we 
compare the expansion of this action around a flat worldsheet with the corresponding 
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terms derived from the well-known Dirac-Born-Infeld plus Chern-Simons D-string 
action in arbitrary supergravity background. This allows us to identify the string- 
frame metric, dilaton and Ramond-Ramond three-form field-strength from a purely 
field theoretic calculation. The result matches perfectly the near-horizon supergravity 
solution sourced by the background D5-branes. 

2 The D-string microscopic action 

In principle, we need the action describing the dynamics of the open string modes 
of a system composed of a fixed number K of D-strings and a large number N of 
D5-branes, in an appropriate decoupling, near-horizon limit [10J. All the branes are 
chosen to be parallel to each other, and we work in the Euclidean. In particular, the 
model preserves eight supercharges and there is an SO(2) x SO(4) x SO(4)' global 
symmetry group corresponding to rotations in spacetime preserving the brane config- 
uration: SO(2) is associated with rotations on the D-string worldsheet, SO(4)' with 
rotations on the D5-brane worldvolume transverse to the D-strings and SO (4) with 
rotations transverse to both the D-strings and the D5-branes. 

This action could be studied by evaluating appropriate low-energy limits of open 
string disk diagrams with various boundary conditions. This is a very tedious and 
complicated procedure, which was performed in the case of the D(-l)/D3 system 
in [TTIIT2"] . In our case, the result is a sum of a worldsheet action for the D-strings 
and a worldvolume action for the D5-branes, with couplings between the D-string 
and D5-brane degrees of freedom. However, the naive action obtained in this way for 
the degrees of freedom living on the D5-branes would not be renormalizable and thus 
could be used only in the infrared. In other words, the full description of the D5-brane 
is not field theoretic. Fortunately, an explicit description of the D5-brane degrees of 
freedom and their couplings to the D-strings will not be required for our purposes. 
Indeed, due to supersymmetry, these couplings are not expected to contribute to the 
terms in the effective action on which we shall focus. A similar non-renormalization 
theorem was discussed in [T3] in the case of D-particles. We refer to [6J for a detailed 
discussion of these issues in the case of the D(-l)/D3 system and to [H] for a general 
discussion in non-supersymmetric contexts. 

We thus focus on the D-string worldsheet Lagrangian, without referring any longer 
to possible couplings to the D5-brane fields. The form of the Lagrangian is strongly 
contrained by (4, 4) supersymmetry and global symmetries. The simplest way to de- 
rive it is to proceed in two steps. First, we perform the dimensional reduction of 
the U(K) M = 1 gauge theory in six dimensions down to two dimensions. The the- 
ory must contain one hypermultiplet in the adjoint, corresponding to Dl/Dl string 
degrees of freedom, and N hypermultiplets in the fundamental corresponding to the 
D1/D5 strings. Second, a suitable scaling limit must be implemented on this action, 
which corresponds to the correct low energy limit associated with the standard Mal- 
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dacena near-horizon limit [UEEDlEi]- We present these two steps successively in the 
next two subsections. 

2.1 Dimensional reduction from six to two dimensions 

The six dimensional U(K) gauge theory has a spacetime symmetry group SO (6), 
R-symmetry group SU(2)+, internal symmetry group SU(2)_ and flavor symmetry 
group SU(iV). The field content is as follows. The vector multiplet is composed 
of the gauge potential A r , 1 < r < 6 and the gluino A a , which is a doublet of 
SU(2) + . The adjoint hypermultiplet contains the adjoint scalars a M in the vector of 
SO(4) ~ SU(2) + x SU(2)_ and a fermionic doublet A" of SU(2)_. The fundamental 
hypermultiplets contain SU(2) + scalar doublets (qf,q a ^) and Weyl fermions (Xf,xO 
in the fundamental and antifundamental of SU(iV). The chirality of the Weyl spinors 
in the vector multiplet on the one hand and in the hypermultiplets on the other hand 
must be opposite. 

After the dimensional reduction down to two dimensions, the six- dimensional 
spacetime symmetry group SO (6) yields the two-dimensional spacetime symmetry 
group SO(2) and a new global SO(4)' ~ SU(2)' + x SU(2)'_. The fields of the six- 
dimensional theory are then reorganized into representations of SO (2) and SO (4)', 
while their transformation laws under \](K), U(N), SU(2) + and SU(2)_ are left 
unchanged. 

More precisely, the six dimensional vector multiplet yields the two dimensional 
gauge field Aj, four scalars <p m transforming in the vector representation of SO(4)' 
and spinors A a £, A a ^ transforming in the representations (l/2,0)i/2 and (0, l/2)_i/ 2 
of SO(4)' x SO(2). The adjoint hypermultiplet yields four scalars and spinors A„^, 
transforming in the representations (1/2, 0)_i/ 2 and (0, l/2)i/ 2 of SO(4)' x SO(2). 
Finally, the fundamental hypermultiplets yield the scalars qj and q a f together with 
fermions {xcfix/) m the (l/2,0)_i/ 2 and (xn,x/) i n the (0, 1/2) 1/2 representations 
of SO (4)' x SO (2) respectively. Let us note that the model is also invariant under 
worldsheet parity transformations which act by exchanging the SU(2)' + and SU(2)'_ 
factors of SO(4)'. All these symmetry properties are summarized in Table [T] in the 
Appendix. 

The (4, 4) supersymmetric Lagrangian resulting from the dimensional reduction 
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can then be written as 



/ 2 1 1 

tr U(K) [~g4^ K + 2 FljFlJ + ^I^rrNl^m ~ ^ [<f>m, <t>n] [<t>m, <t>n] + V/G^V/G^ 



f 2 
— s 

~ 2g„ 

[0m, aj [0 m , oj + 2z [a M , aj - D^D^ - 2A afC o mC £ [0 m , A£] - 2iA° c V w A qC 
+ 2/.\-V„A r , + 2Aia mff [0 m , A**] - 2/.\^V, r A^ + 2/A„ c V, r .V' c 

- 2ia m& A% [a M , A<*] + 2«7„ ad A t * [a M , A ?] 

1 /> 1 



- 4=X C/ Acfc/ + 4 X^g a/ + ^D^^Jqp, . (2.1) 



We have introduced the usual complex worldsheet coordinates u> and w, with asso- 
ciated covariant derivatives V w = (Vi — zV2)/2 and = (Vi + zV2)/2. We have 
also introduced a self-dual auxiliary field -D^j, in the adjoint of U(iC). This field 
allows us to write the quartic interactions between the scalars (a, q, q) in a simple 
way which will be useful for performing the scaling limit in the next subsection. The 
overall normalization as well as the constant term in the Lagrangian are fixed by the 
D-string tension, the string length being related to the fundamental string tension by 
il = 2W. 



2.2 The scaling limit 

The scalar fields a M and (f) m in the worldsheet Lagrangian (12. ip are associated with 
the motion of the D-strings parallel and transverse to the D5-branes respectively. The 
corresponding coordinates are 

X M = 4V Y m = £ 2 ^ m . (2.2) 

To implement the standard decoupling, near-horizon limit [TJ[10l[15] , we take i s — > 
while keeping X^, Y m /£ 2 = (f> m and the six- dimensional 't Hooft coupling N£ 2 g s 
fixed, as usual. Supersymmetry then dictates that the fermionic superpartners A a 
and i[) a = £ 2 A a of m and X M respectively must also be kept fixed. Introducing 
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tp a = £lA a , the Lagrangian 02. ip then simplifies in the scaling to 

L p = ^ tw { K) (W + V/X^ V T X U + 2% [X„ X u ] - C 4 [Y m , Xj [Y m , Xj 

- 2i£; 2 ^ a a [X M , V^ c ] + 2<7 2 ^a MaA [X M , </f ] 

1 1 1 1 

+ -V/g Q/ V/g a/ - — Y m q af Y m q af - ^X K ^ m ci Y mX) + ^X f ^ Y mXfC 

(2.3) 

This Lagrangian will be our starting point for the probe D-string worldsheet theory. 

It is important to emphasize that the scalar fields Y m are non-dynamical auxiliary 
variables in (12. 3ft . Indeed, they do not have a kinetic term and could be trivially inte- 
grated out. However, as explained in the next Section, these fields become dynamical 
due to the quantum corrections and play a central role both in the mathematics and 
the physical interpretation of the solution of the model at large X [6J. 

3 Solving the model at large N 

We now solve the model defined by the Lagrangian (12. 3p along the lines of [IKE]- The 
crucial property is that the fields (q, q, x, X) carry only one U(X) index and are thus 
vector-like variables. The large X path integral over these fields can then always be 
performed exactly, using standard techniques for large X vector models [T6H20] . The 
idea is to rewrite the action by introducing suitable auxiliary fields, in order to make 
the vector variables appear only quadratically. In our case, the relevant auxiliary 
fields are precisely the variables (Y m , if) a ( , V'aC' -^W) which we have already included 
when writing (12.31) . The path integral over the vector variables is then Gaussian. The 
result is an effective action for the auxiliary fields, which become dynamical through 
the quantum loops of the vector variables. Moreover, and most importantly, this 
effective action is automatically proportional to X because the vector fields have X 
components. At large X, it can thus be treated classically. 

The resulting structure is thus perfectly consistent with the D-string seen as mov- 
ing in a higher dimensional classical non-trivial background. Indeed, the fields Y m 
can be interpreted as the emerging coordinates which behave classically at large X 
and the metric on the emerging space will be related to the kinetic term for the Y m . 
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Let us now carry out this procedure explicitly for our model, mainly focusing on 
the case of a single D-string probe. 



3.1 Integrating out 

The effective action NS e s is given by 



e"' VScff = J dqdqdxdx e" 6p , (3.1) 

where S p is the action for the Lagrangian (I2.3p . In order to derive the emergent 
geometry, we can focus on the bosonic part of the effective action and thus set the 
fermionic fields ip and ip to zero. Note, however, that computing the fermionic terms 
in the effective action could also be done straightforwardly. 

The integral (13. ip is Gaussian and yields 



S eS (A, X, Y, D) = J d 2 w tr v(K) (2I K + WjX^jX^ + 2i [X„ X u ] 

- C 4 [Y m , X,] [Y m , ) + In A M ~ - In A x ^ , (3.2) 

where the determinants A q>q - and A x % are given by 

A gii} = det(-I K ® I a V 2 + £; 4 Y m Y m ® I 2 + iD^ ® a^) , (3.3) 

a _ , , f-2il K <g> I 2 C 2 F m g> <r m \ 
Xli " V "C^m ® *m 2il K ® I 2 vj ' l ^ 4j 

At large X, the field .D^ is fixed in terms of the other variables by the saddle point 
equation 

§1 = 0. (3.5) 

If we specialize to the case K — 1 of a single D-string probe, then the solution is 
simply D^ v = 0. This follows from the vanishing of the linear term in D in the 
expansion of (I3.3P around D = or, equivalently, from the commuting nature of the 
X^ and SO (4) invariance. We thus get 



s*(A, x, y) = ^i- J ah (i + ia,x„c>,jf„) 



+ 21ndet(-V 2 + CXy m )-lndet(_-^ m (3.6) 
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3.2 The effective action up to cubic order 

We are going to use (13.61) up to order three in an expansion in the field strength Fjj 
and around constant values of the coordinate worldsheet fields, 

Eventually, we shall match NS e f[ up to this order in the next Section with the D-string 
action in a general type IIB background. 

The explicit computation of the expansion is straightforward. Let us introduce 
the radial coordinate r defined by 

r 2 = y m y m ■ (3.8) 

We write 

In A q> g = 2 In det K B + 2 tr ln(I + K^tf) , (3.9) 

In A XiX = In det K F + tr ln(I + Kp X £) , (3.10) 

in terms of the bosonic and fermionic propagators 



w ' w ') = / 77^-3 , n-A-i. > ( 3 " n ) 



/d 2 p ^pi™-™ 1 ) 
(27F7T^v 

f d 2 p eg^) / 2I 2Pw £- 2 y m a m] 



and with 



<p = 2i s 2 y m e m + e m e m - idiA T - 2iA I d 1 + AjAi , (3.13) 

We then expand the traces in (I3.9P and (I3.10p using 

ln{I + 5) = -J2^j L $ k (3-15) 

k=l 

and compute the resulting one-loop Feynman integrals. 

At zeroth and first order, the contributions from the bosonic and fermionic de- 
terminants cancel each other and only the constant D-string tension term in ( 13. 6 1) 
remains. At second and third order, we obtain a non-local effective action, which we 
write as a power series in derivatives by expanding the associated Feynman integrals 



8 



for small external momenta. Overall, we get 



NS cS (A, XX) = J d 2 w (jp- + ^dje.dje, + -^d^d^ + ^FjjFjj 

TymtmOienOien — -7e m y m rijrij — -e/ jUmtmnlptnOieiO >je p I + 



2 7tT 4i/™~™-««-«-«~™ ^ r ^" l »' n ^ 1J 67rr 4 



(3.16) 



where the • ■ • stand for terms of quartic or higher order and terms with more than two 
derivatives. Of course, the result is consistent with the symmetries of the microscopic 
theory discussed in Section 12.11 including the worldsheet parity which must come 
accompanied by a parity transformation in the directions y m . 



4 The emergent background 



The action for a D-string moving in a general type IIB supergravity background is 
the sum of a Dirac-Born-Infeld term and a Chern-Simons term 



S = W I d2 t e ~*^ det P( G + B ) + ^ + -pj J[nC B + C 2 ) + l 2 s C F], (4.1) 

where the fields G, B, Cq and Gi are the dilaton, string-frame metric, Kalb- 
Ramond two-form and Ramond-Ramond potentials respectively, F is the worldsheet 
field strength and P denotes the pull-back of the spacetime fields to the worldsheet. 
Working in the static gauge and writing the fields Z{, 1 < i < 8, corresponding to 
the coordinates transverse to the D-string worldsheet as 

Zi = Zi + , (4.2) 

we can expand ( 14.1 j) in powers of and F. Following the basic idea that underlies 
the present work as well as our previous studies [211311], this expansion should match 
with the similar expansion (I3.16P of the effective action describing the solution of 
the large N microscopic model of the D-strings in the presence of the N D5-branes. 
Morevover, we should be able to derive the precise supergravity background sourced 
by the D5-branes from the coefficients in the expansion ( 13 .161) . Let us check that this 
is indeed the case. 

The zeroth order Lagrangian derived in this way from ( 14. ip reads 

L(0) = ^7 [e-*>/det(Gij + B u ) + *-e IJ (C B U + (C 2 )„)j , (4.3) 



where the capital Latin indices 1 < J, J, . . . < 2 correspond as usual to the directions 
parallel to the D-string worldsheet. Matching with the microscopic result (I3.16P and 
taking into account worldsheet parity invariance yields the conditions 



y/det(G IJ + B IJ ) = l, C q B I j+(C 2 )ij = 0. (4.4) 
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Taking these constraints into account, the Lagrangian derived from (14. ip at first order 
in e is, up to an irrelevant total derivative, 

LM = ±-F u (-E IJ + iC e IJ ), (4.5) 

where the matrix E IJ is the inverse of Gjj + Bjj. Using the fact that = in 
( I3.16P and worldsheet parity, we get 

B„ = 0, Co = . (4.6) 

The conditions (I4.4p thus reduce to 

e-VdetG/j = l, {C 2 )u = . (4.7) 

Taking these results into account as well as the fact that Gy = from ISO (2) in- 
variance along the worldsheet, the second order Lagrangian derived from (14 .ip then 
reads 



p2 r 

9s 



{^G IJ Gij + G^ J G^ L BaB jK ) d^dje, 



+ l -G IJ G KL F IK F JL - ie IJ d [l {C 2 ) j]I e l d J e j 



(4- 



where the matrix G IJ is the inverse of the two- by-two matrix Gij. Comparing with 
(I3.16P and using again parity invariance yields 



27rr 2 

- \ij7-^""- MC 2 ) J]I = (4.9) 



and then 



by using (14. 7p . Comparing the terms dietdjej in (13.161) and (14.81) . using (14. 9 p and the 
ISO (2) symmetry to fix Bn = 0, we find 



r l 2nr \ r Mm 
^~^¥g~N^ v ' mn ~ V ~ 7 2m* ' ^ ' 

We thus find that the components Gjj and G^ v match, which shows that the metric 
has the expected SO (6) isometry of the background sourced by D5-branes. We can 
continue the same analysis at third order. Using the constraints on the background 
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that we have already derived, (14. ip yields the third order Lagrangian up to two 
derivative terms, 



L (3) = _^ 

2<? s 



di(G IJ G jk ) eid^jdjek + ie IJ d [i (C 2 ) j k] e^ejdjek 
1 



+ —di(G G ) tiFjLFjK + G G Bij F^d^d^ 



■ (4-12) 



Matching with ( 13 . 16[) and using the ISO (2) invariance and SO (6) isometry of the 
background, we then obtain 

= , F 3 = dC 2 = ^e mn ipd p e~ 2 ^dy m A dy n A dyi . (4.13) 
Overall, we have derived the following type IIB supergravity background 



^ = ^ ¥g~N ' = e<I> ( dw/dw/ + dx n dx v) + e *dy m dy r , 
1 



F 3 = dC 2 = -e m ni v d v e~ dy m A dy n A dyi , B = C = , (4.14) 
which perfectly matches with the well-known near-horizon geometry of iV D5-branes 
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A Notations and conventions 

We work in Euclidean signature throughout this paper. All our conventions are chosen 
consistently with those of [HHUE]. 

A.l Symmetries and indices 

For K D-strings parallel to N D5-branes, the symmetry group is SO (2) x SO (4) x 
SO(4)'. The SO(2) factor corresponds to rotations in the two-dimensional space paral- 
lel to the D-strings, the SO (4) factor corresponds to rotations in the four- dimensional 
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Spin(4) 


Spin(4)' 


U(l) 


U(iV) 


XJ(K) 


I,J,... 


(0,0) 


(0,0) 


1 


1 


1 


fl, is,... 


(1/2,1/2) 


(0,0) 





1 


1 


m,n, . . . 


(0,0) 


(1/2,1/2) 





1 


1 


a, (3, . . . (upper or lower) 


(1/2,0) 


(0,0) 





1 


1 


a, (3, . . . (upper or lower) 


(0,1/2) 


(0,0) 





1 


1 


(upper or lower) 


(0,0) 


(1/2,0) 





1 


1 


(upper or lower) 


(0,0) 


(0,1/2) 





1 


1 


/,/,... (lower) 


(0,0) 


(0,0) 





N 


1 


i^uppeij 


(ft ft) 


(ft ft) 


n 

u 


NT 


i 
± 


(lower) 


(0,0) 


(0,0) 





1 


K 


(upper) 


(0,0) 


(0,0) 





1 


K 


Aj 


(0,0) 


(0,0) 


1 


1 


Adj 


X i — ft A j 


(1/2,1/2) 


(0,0) 





1 


Adj 


Y j = £ 2 6 j 

1 mi *"s Vrra 


(0,0) 


(1/2,1/2) 





1 


Adj 


J. 3 —/2 a 3 


(1/2,0) 


(1/2,0) 


1/2 


1 


Adj 


1p t? — £ S 2 A : j 

aQi b aQi 


(1/2,0) 


(0,1/2) 


-1/2 


1 


Adj 




(ft 1/2) 


(1/2 0) 


-1/2 


1 


Adi 


3 = pj& 3 


(0,1/2) 

V * / / 


(0,1/2) 


1/2 


1 


Adj 


D j 

fMUl 


(1,0) 


(0,0) 





1 


Adj 


Qafi 


(1/2,0) 


(0,0) 





N 


K 




(1/2,0) 


(0,0) 





N 


K 


XCfi 


(0,0) 


(1/2,0) 


-1/2 


N 


K 




(0,0) 


(0, 1/2) 


1/2 


N 


K 


~ ft 

K. 


(0,0) 


(1/2,0) 


-1/2 


N 


K 


~/» 

4 


(0,0) 


(0, 1/2) 


1/2 


N 


K 



Table 1: Conventions for the transformation laws of indices and fields. For maximum 
clarity, we have indicated all the indices associated to each field, whereas in the main 
text the gauge U(iV) and V(K) indices are usually suppressed. The representations of 
Spin(4) = SU(2)+ x SU(2)_ and Spin(4)' = SU(2)' + x SU(2)'_ are indicated according 
to the spin in each SU(2) factor. The (1/2,1/2) of SU(2) + x SU(2)_ corresponds 
to the fundamental representations of SO (4). The U(l) group corresponds to the 
worldsheet rotations under which positive and negative chirality spinors have charge 
1/2 and —1/2 respectively. 
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space parallel to the D5-branes and transverse to the D-strings and the SO (4)' fac- 
tor corresponds to rotations in the four-dimensional space transverse to both the 
D-strings and the D5-branes. 

We use indices 1 < /, J, . . . < 2 for the vectors of SO(2), 1 < fi, v < 4 and 
1 < < 2 for the vectors and left-handed spinors of SO(4) respectively and 
1 < m, n < 4 and 1 < £,£ < 2 for the vectors and left-handed spinors of SO(4)' 
respectively. For right-handed spinors we use dotted indices a, ( etc. The SO (4) 
spinor indices are raised and lowered according to the standard conventions 

\ a = e afl \f > , (A.l) 

r = e«% , (a.2) 

with C2i = — ei2 = — e 21 = e 12 = 1, and similarly for the SO (4)' spinor indices £, £, 
etc. 

We also have gauge group indices /, /' and i,j for U(iV) and U(K) respectively. 
We often suppress these indices if there is no ambiguity. 

The branes are located in M 10 according to Table [2j We denote wj the two 
coordinates parallel to the D-strings and by (V) = y m ) the coordinates transverse 
to the D-strings. We also define the radial coordinate r by 

r 2 = VmVra ■ (A.3) 





1 


2 


3 


4 


5 


6 


7 


8 9 


10 


D5 


X 


X 


X 


X 


X 


X 








Dl 


X 


X 


















w 1 


w 2 


Xi 


x 2 


x 3 


£4 


V\ 


2/2 2/3 


2/4 



(A.4) 



Table 2: Location of the Dl- and D5-branes in R 10 . The third row indicates the 
notation we use for the various types of coordinates. 



A.2 Four-dimensional algebra 

The standard Pauli matrices are taken to be 

ai = (? J)' o')' a3= (o -1) 

We define 
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(A.5) 
(A.6) 



and 

We have the useful following identities for the computation of the effective action at 
second and third order: 

tr(<x M ov<x p CT A ) = 2{8 tlv 8 p x - (^Aa + <^A^V ~~ Wa) > ( A - 8 ) 

^/Ul ^A*3 ^('"'V'l ^""1 ® V\@ 

for any numbers and where we set a 2 = a^a^ and €1234 = +1. 
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